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© Method and apparatus for removal of enclosed intra-arterial deposits. 

© A device for safe removal of abnormal deposits, primari- 
ly in the human body, where differential cutting properties 
provide for fracture of hard matter while safely preserving 
soft tissue. The device includes a rotating cutting tool having 
spirally shaped cutting flutes having hardness-differential 
cuning properties. The tool is driven from outside the body 
by means of a flexible drive shaft at greater than 2000 
revolutions per minute. A channel is incorporated in the 
drive shaft for adding or removing chemical matter from the 
internal body space to provide systematic removal of cutting 
debris from abnormal deposits. The cuning tool has fluid 
ports which communicate with the drive shaft channel. The 
fluid pons may be at the nose of the tool as well as around its 
circumference. In the latter instance, the ports extend from in 
from of a cuning flute into a center cavity with a circumferen- 
tial component so that rotation tends to force blood into 
these pons. External mass tranfer machines aid in injecting 
or withdrawing material, such as cuning debris. Auxiliary 
instrumentation, such as fluoroscopy and pressure measur- 
ing apparatus, are helpful in the clinical procedure. Multiple 
operational cycles are easily implemented to gradually 
dissect the deposit while periodically reestablishing phy- 
siological viability, such as blood flow in vessels. 
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METHOD AND APPARATUS FOR REMOVAL 
OF ENCLOSED INTRA -ARTE RIAL DEPOSITS 

This invention relates to relatively noninvasive 
surgery and, more particularly, to a mechanical instrument 
for cutting hard abnormal deposits while preserving soft 
5 normal tissue. 

Impairment of circulation of blood by intra- 
arterial deposits of atherosclerotic plaque (or. thrombi) is 
10 a major cause of cardiovascular disease. Obstruction of 
coronary arteries can lead to tissue death because of oxygen 
deprivation of heart muscle. Coronary infarction (heart at- 
tack) is the result. Reduced blood transport in the carotid 
artery because of obstructive plaque can lead to transient 
15 ischemic attack (TIA) or stroke. Plaque-induced stenosis of 
other major arteries can result in impairment of peripheral 
organ function. Surgical bypass operations wherein the 
obstructed arteries are subtended by patient autografted 
vessels have become popular in recent years. Surgically 
20 invasive endar terectomy has also been used with limited 
success for clearing obstructed vessels. 

A need exists for catheter devices which can be 
passed safely into the human vascular network to remove 
plaque deposits. No significant damage should occur to the 
25 healthy endothelial lining of the surrounding vessel. One 
device that attempts to fulfill this need is the inflatable 
balloon that is passed to the stenotic region of the affect- 
ed artery and insufflated with fluid to pressures of approx- 
imately 5 atmospheres. Some success has been claimed for 
30 this technique. Its application is limited in that noncon- 
centric plaque formations are relatively immune to expansion 
since the compliant wall of the vessel provides volumetric 



relief to the expanding balloon. Because circu9ation iP 
grossly impaired, balloon inflation/deflation must occur in 
a matter of seconds to avoid infarction. For relief of 
partial coronary artery obstruction, balloon angioplasty has 
5 been performed with the catheter inserted in either the 
brachial artery or the femoral artery (Grunzig technique). 
Several deficiencies are present with this method. They 
are: 

1. Limited force is available with safe pressure 
10 levels to enable expansion of the stenosis; 

2. Current catheters do not provide for capture 
of plaque debris that may slough during the 
expansion process; 

3. In nonconcent r ic lesions, the expanding 
15 balloon stretches the compliant vessel wall, 

thereby reducing the force which is needed to 
affect the plaque. 

Attempts have been made to insert a cutting device 
into a vessel to remove a stenosis. However, the cutting 
structures used for this purpose appear to be ineffective 
for rapidly cutting the stenosis without damaging the rela- 
tively soft wall of the vessel. 

Preferred embodiments of the invention, and their advantages, 
will now be described. 
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The primary object of this invention is to remove 
plaque and other obstructions from organic structures by 
safely passing a differential cutting tool into the organ 
through an accessible portion of the anatomy, which cutting 
tool can controllably remove abnormal deposits without 
damage to normal tissue structure. 

It is another object of this invention to provide 
a rotationally driven cutting tool which will preferentially 
abrade hard or calcified deposits while not significantly 
abrading normal endothelial lining. 

It is another object of this invention to provide 
within a guiding sheath or protective sheath or rotatable 
drive shaft a means for injecting radiopaque fluid or other 
media to delineate the obstruction. 

It is another object of this invention to provide 
within the guiding sheath or drive shaft housing or drive 
shaft unit a channel which will permit evacuation of abraded 
plaque debris or measurement of blood pressure. 

These and other objects of the invention are 
provided by a system for removing abnormal, relatively hard 
deposits from a relatively soft tissue by a cutting tool 
utilizing differential cutting. The cutting tool is of a 
generally ellipsoidal configuration and it has a plurality 
of cutting flutes extending along its outer surface. Each 



cutting flute has an elongated cutting face f acPn^ll£$h(| 
direction of rotation so that as the cutting tool rotates, 
the cutting edges formed by the cutting faces cut into the 
relatively hard deposits. However, the angle of the cutting 
5 face with the circumference of the tool is selected so that 
the tool does not cut into the relatively soft vessel. 
Other factors, such as the number of cutting flutes and the 
convexity of the cutting faces, af.fects the hardness-differ- 
ential cutting properties of the cutting tool. The cutting 

10 tool is mounted at the end of a flexible drive shaft which 
is enclosed for most of its length by a guiding catheter. 
The guiding catheter is initially inserted into the vessel 
from a point outside the patient's body. The cutting tool 
and drive shaft are then inserted through the guiding cathe- 

15 ter to the abnormal deposit. The cutting tool is then ro- 
tated through the drive shaft by a rotary drive device, such 
as an electric motor, preferably operating at at least 2000 
revolutions per minute. In order to remove particles of the 
deposit fractured by the* cutting tool, the cutting tool may 

20 contain a fluid port communicating with an external suction 
device through a channel fotmed in the drive shaft. The 
fluid port may be at the nose of the cutting tool in order 
to remove blood and debris forward of the cutting tool. 
However, the fluid ports may also extend from in front of 

25 respective edges of the cutting flutes into a center cavity. 
In order to at least partially counteract the centrifugal 
force of the blood in these fluid ports, the ports have a 
circumferential component extending from the cavity in the 
direction of rotation so that rotation of the cutting tool 

30 has a tendency to force blood inwardly through the ports. 
Management of deposit debris is further enhanced by utiliz- 
ing cutting flutes which extend rearwardly as well as cir- 
cumf erent ially in a spiral configuration so that rotation of 
the cutting tool forces blood rearwardly into the fluid 

35 ports. A variety of external fluid management structures 
may be used to remove blood and debris, visually monitor its 
appearance, or inject fluids (such as radiopaque dye) into 
the vessel via the drive shaft channel and fluid ports. 
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Brief Description of the Drawings 

Fig* 1 is a schematic diagram illustrating a drive 
motor for a cutting tool which is interposed between a fluid 
management manifold and a flexible catheter which surrounds 
5 a drive shaft for the cutting tool. 

Fig. 2 is a schematic diagram illustrating a 
plaque removal system wherein a fluid management manifold is 
interposed between the cutting tool drive motor and the 
flexible insertion catheter. 
10 Fig. 3 is a schematic diagram illustrating the 

discriminatory cutting action of a properly pitched cutting 
tool wherein soft normal tissue is relatively undamaged, but 
hard abnormal deposit (plaque or other hard mineral deposit) 
is abraded as shown. 
15 Fig. 4 schematically illustrates a rotationally 

driven cutting tool with fluid apertures connected to a 
flexible drive shaft. 

Fig. 5 is a cross-sectional view taken along the 

line 5-5 of Fig. 4. 
20 Fig. 6 illustrates the cutting tool in use during 

an intraluminal plaque removal operation. 



One embodiment of a practical system for passing a 
25 high-rotational-speed cutting tool into a vessel to remove 
abnormal deposits is illustrated in Fig. 1. The cutting tool 
1 is mounted at the end of a flexible drive shaft which 
transmits torque from a torque-generating device 4, such 
as an electric or pneumatic motor. The, drive shaft 2 is 
30 surrounded for most of its length by a guiding catheter. 
In order to provide a low-friction passage of rotational 
motion, the outer surface of drive shaft 2 and the inner 
surface of guiding catheter 3 need to be of compatibly slick 
materials. Guiding catheters are commercially available for 
35 balloon angioplasty which have an inner lining of teflon 
that has been found to be excellent for this application as 
well. As illustrated in Fig. 4, the outer surface of the 
drive shaft 2 may consist of an overcoat of teflon or an 
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actual cylindrical tube which compression-fits to an inner 
steel helix 20, thereby providing a fluid-tight, flexible 
drive shaft with good rotational strength. An inner lining 
of plastic tubing 21 may also be provided to improve the 
crush resistance of the helical steel coil. A steel helix 
of approximately 0.05 inch has been successful in transmit- 
ting high rotational speeds (greater than 25,000 rpm) in a 
controllable fashion and with mechanical security. 

It is important that particles formed by the 
cutting tool 1 be removed from the body so that they are not 
carried along by the blood flowing through the vessel. As 
explained in greater detail hereinafter, the cutting tool 1 
preferably includes fluid ports to remove particles. Thus 
it is important that the drive shaft be hollow so that 
particle-entrained blood can flow from the cutting tool 1. 
These fluid passages can also be used to inject fluid, such 
as a radiopaque media, into the vessel. Consequently, it is 
important to seal the hollow interior of the drive shaft 
until it is connected to a f_uc_tion or injection device. 
Accordingly, the drive shaft 2 extends through the torque 
generator 4 and terminates in a fluid manifold 5. A seal 8 
prevents fluid leakage from the manifold 5 while allowing 
the drive shaft 2 to rotate. The fluid manifold 5 communi- 
cates with a conventional suction device 6 when valves 22a 
and 10 are open. The suction may be controlled by adjusting 
valve 10 while monitoring a pressure gauge 9. With valve 10 
closed, the pressure gauge 9 can also be used to monitor 
blood pressure. When the suction device 6 is being used to 
remove particle-entrained blood through the cutting tool 1 
and drive shaft 2, the blood is drawn from the manifold 5 
and collects in a fluid trap 31, which is preferably trans- 
parent so that the evacuated blood can be visually moni- 
tored. Alternatively, the valve 22a may be closed and valve 
22b opened and a fluid added to the manifold 5 through in- 
jection port 23. This fluid then flows into the drive shaft 
2 and out of ports in the cutting tool 1. Insofar as blood 
is also capable of flowing through the guiding catheter 3, 
the end of the guiding catheter 3 is sealed at 7 as it 
terminates at the torque generator 4. 
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An alternative embodiment illustrated in Fig. 2 
positions the fluid manifold 5 between the torque generator 
4 and the cutting tool 1. In this embodiment, the guiding 
" catheter 3 terminates in an auxiliary manifold 30 which 
5 communicates with a conventional suction device 2 4 when 
valve 22c is open. The auxiliary manifold 30 allows fluid 
to be removed or added through the guiding catheter 3. The 
end of the guiding catheter 3 passes through a seal 13, 
while the drive shaft 2 extends through the auxiliary 
10 manifold 30 and out through seal 12. 

The drive shaft 2 then extends through seal 8 into 
the fluid manifold 5 through seal 8, where it is connected 
to the torque generator 4. The portion of the drive shaft 2 
inside the manifold 5 contains a number of radial ports 26 
15 which allow fluid communication between the hollow interior 
of the drive shaft 2 and the manifold 5. The shaft 2 con- 
tains a blockage downstream from the ports 26 so that fluid 
flowing through the drive shaft 2 flows only through the 
ports 26. 

20 As with the fluid manifold 5 of Fig. 1 , the fluid 

manifold 5 of Fig. 2 is connected to a suction device 6 
through valves 22a and 10, thereby allowing fluid to collect 
in fluid trap 31. The fluid manifold 5 of Fig. 2 may also 
include the injection port 23 and valve 22b of Fig. 1. And, 

25 of course, the embodiment of Fig. 1 could utilize the auxil- 
iary manifold 30 of Fig.- 2 positioned in front of the torque 
generator 4 . 

As illustrated in Fig. 6, the cutting tool 1 and 
guiding catheter 3 are inserted into a vessel 15 containing 

30 a stenosis 16. The torque-generating unit 4 may be either 
electric or compressed-air powered. Studies to date have 
used electrically powered units. When using a steel- 
(metal)-reinf orced drive shaft 2, there can be a shock haz- 
ard to the patient would could be more easily avoided with 

35 the use of an air-powered unit 4. In order to eliminate 
shock hazard with the electrically powered unit 4, the 
catheter drive shaft 2 should be electrically isolated with 
respect to the electric motor and the flexible drive shaft 
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2. Shock hazard is especially worrisome when working in the 
coronary arteries since currents as small as TOO microamps 
can cause fibrillation when directly impressed on cardiac 
tissue. Other electrical safeguards should be employed to 
prohibit the possibility of electrical currents being 
conveyed via the metal reinforcing structure of the drive 
shaft. 

It is important for controllable entry of the 
cutting tool 1 into an obstructive lesion that it be ad- 
vanced predictably. Thus, to facilitate such cutting tool 
advance, the drive shaft 2 should be axially translatable" 
with respect to the guiding catheter 3. Seals 7, 8 and 12, 
therefore, need to slide axially as well as circumferential- 
ly. In practice, it has been found that manual retraction 
of the guiding catheter junction 30 results in well-con- 
trolled advance of the cutting tool 1 at the distal end. 
The tool 1 may be gently nudged into a stenosed area during 
rotation and then retracted to permit evacuation of residual 
debris and to reestablish local circulation before making 
another cutting cycle on the lesion. In conjunction with 
fluoroscopic surveillance and injection of radiopaque dye 
through the cutting tool 1, controlled progress in opening 
of the obstruction is possible. 

Cutting tool 1 has been configured in a generally 
elliptical shape, which enables controlled insertion into a 
stenosed vessel 15. The nose 28 is polished to avoid un- 
wanted snagging of the nose. of the tool when negotiating 
anatomical curves. Various sizes have been fabricated in 
accordance with the vessel size and severity of the steno- 
sis. In general, the range of useful diameters is from 1.0 
to 3.5 mm. The extent of the nose polishing is determined 
by the particular vessel to be cleaned; for example, for a 
severe stenosis, a useful choice for the polished nose dia- 
meter is .5 mm with six cutting flutes 14 on the circumfer- 
ence of the cutting ellipse. The maximum outside diameter 
would be 1.2 mm, the cant angle could be 100 degrees, and 
the length could be about 2.5 mm. In a typical procedure, 
it may be necessary to use two or three different tip/ 
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catheter units to bring a very heavily stenosed vessel up to 
a 3 mm inside diameter. This is easily facilitated once the 
. guiding catheter 3 is placed within the body. As explained 
above, the guiding catheter 3 contains a hollow channel 30 
5 which provides for subsequent insertion and withdrawal of 
several instruments during the course of a procedure without 
the difficult task of rethreading the particular branch of 
the cardiovascular network. The guiding catheter is insert- 
ed transmurally through an accessible vessel which connects 
10 with the stenotic lesion. 

It is apparent from Fig. 6 that the cutting tool 1 
must have the property of cutting through the stenosis 16 
without significantly cutting or abrading the internal walls 
of the vessel 15. This is particularly critical because the 
15 cutting flutes 1 4 of the cutting tool 1 contact the walls of 
the vessel 15 with the same force that they contact the 
stenosis 16. This problem is solved by the principle of 
hardness differential cutting by which the cutting tool 1 
easily cuts relatively hard material, such as calcific 
20 plaque, but does not cut relatively soft material, such as 
the vessel 15. 

The physics of differential cutting is explained 
with the aid of Fig. '3. In the upper portion of Fig. 3, a 
cutting, blade 14 having a cutting face. 18 is moving from 
25 right to left over the surface of soft and preferably wet 
tissue 16. The cutting blade 14 is touching the soft tissue 
16 and is deflecting it from its unperturbed state. Because 
the soft tissue 16 has a relatively low value of shear modu- 
lus of elastic stiffness, it undergoes marked deformation in 
30 the region proximate to the tip of the cutting blade as a 
result of the blade depression and the small amount of tan- 
gential frictional drag associated with relative motion. 
Because of the compliance of the soft tissue 16, large shear 
stresses cannot be supported within the tissue matrix. 
35 Since large stresses are avoided in this configuration of 
blade/soft-tissue interface, the tissue 16 will not undergo 
compressive fracture and thus no abrasion occurs. In con- 
trast, the lower section of Fig. 3 depicts the case of blade 
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passage over relatively rigid material 16' , such as calcific 
plaque. Again/ the blade moves from right to left in the 
diagram. Because of the high value of shear modulus of 
elastic stiffness, the rigid material 16' is unable to 
5 comport itself to reduce the peak values of tangential 
pressure. Thus, instead of reshaping its local matrix and 
slipping underneath the cutting blade, it is trapped in 
front of the blade, and large compressive stresses arise. 
These stresses are large enough to cause compressive f rac- 

10 ture of the rigidified matter. As a result, tiny fragments 
17 of the rigid matter are expelled at the cutting edge of 
the blade 14 with resultant abrasion of the rigid matter 16. 
This method of differential cutting is central; to this in- 
vention because it permits the cutting tool to be inserted 

15 into a vessel containing a stenosis (as shown in Fig. 6) 
with one side safely impacting upon the normal intimal lin- 
ing of a vessel, while at the same time the other side is 
forced onto the surface of the plaque with resultant cutting 
of the plaque. Because the forces are relatively small, the 

20 amount of material removed with each passage of the blade is 
microscopically small. Operating at high rotational speeds 
(greater than 25,000 rpm), it is possible to quickly remove 
a millimeter of rigid matter without causing significant 
damage to the normal endothelium. Such a system has been 

25 tested at a rotational speed of 27,000 rpm conveyed through 
a commercial, teflon-lined, flexible, cardiovascular guiding 
catheter. The catheter was able to withstand the torque 
transmission without any detectable heating or other diffi- 
culty. When the bit was placed against the inner lining of 

30 the inventor's mouth, no discernible pain or damage was 
detected during or after the application at 27,000 rpm. The 
same tool bit was able to rapidly and controllably abrade 
stiff material, such as a fingernail or cadaver plaque. 

In order to assure cutting differentiation, the 

35 necessary longitudinal and shear forces required to force 
the soft, compliant material to dive beneath the cutting 
edge (see Fig. 3) must be lower than those necessary to 
create mechanical fracture. Several design parameters need 
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to be considered in assuring the proper range of shear 
forces for safe operation. If the circumferential flute 
density (i.e., the number of flutes per circumferential 
"length) is too low in combination with a large cant angle 
5 (oC) of the cutting face 18, the blade can catch even on 
soft tissue and rapid abrasion is the result. If the cut- 
ting face of the blade 14 is heavily curved such that the 
microscopic cant angle at the tissue interface is too large, 
the blade can again cause soft tissue abrasion. Finally, 
10 the microscopic sharpness of the cutting edge can affect the 
ability of soft tissue to dive underneath the blade, as seen 
in Fig. 3. However, the sharpness of the blade, while af- 
fecting the hardness-differential cutting properties, is of 
secondary importance since the cutting properties are prin- 
15 cipally controlled by cant angle and flute density. The 
key, then, is to provide a blade having a flute density and 
cant angle selected to, abrade a relatively hard stenosis 
without abrading the relatively soft vessel. 

The cutting tool is illustrated in some detail in 
20 Figs. 4 and 5. The tool 1 is mounted on the drive shaft 2 
through a coupling sleeve 19 which provides fluid coupling 
between the hollow interior 40 of the tool 1 and the hollow 
interior of the drive shaft 2. 

Fluid passage into or out^ o f the cuttin g_tip may 
25 be accomplished through radL^j^or^ (see 
Fig. 4). End port 24 is important for collecting cutting 
debris when the catheter 3 is inserted upstream from the 
lesion since the natural flow pattern takes the particles 
. downstream to the port 24. Radial ports 15 are useful as 
30 additional scavengers of debris and as an aid to keeping the 
•cutting flutes 14 clean. Either set of ports 15,24 may be 
used for injecting dye or for sampling blood or for inject- 
ing chemicals which may be useful for dissolving emboli. 

The spinning cutting tool 1 has a tendency to 
35 propel the fluid outward from ports 15 due to centrifugal 
force. This feature is utilized in the design of centrifu- 
gal fluid pumps but can work against the proximal transport 
of fluid in this invention. For a cutting tool 1 with a 
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maximal diameter of 3 mm, the centrifugal component of fluid 
pressur i zat ion is equal to atmospheric pressure at approxi- 
mately 50,000 rpm. Thus, in clinical use, this component of 
fluid pressure can be a distinct disadvantage, depending on 
5 the tool speed. However, two features are incorporated to 
address the centrifugal force problem and enhance the fluid 
flow pattern in the proximal direction. These are integrat- 
ed turbine pump action and suction. There is a dual angular 
sweep in the fluid ports 15, as indicated in Figs. 4 and 5. 

10 Since Fig. 5 depicts the cutting tool as seen from the rear 
when the tool is rotated in the right-hand direction (clock- 
wise as seen from the rear)., the fluid is pushed into the 
center cavity 40 of the tool 1 because of the circumferen- 
tial component of the fluid ports 15. At the same time, 

15 because the fluid ports 15 have a rearward or longitudinal 
component, the fluid is propelled rearwardly or proximal. 
This transfer of momentum to the fluid system during rota- 
tion assists the blood pressure and the suction in trans- 
porting blood and debris rearward and out of the body. 

20 Rearward movement of debris-entrained blood is further 
enhanced by the spiral configuration of the cutting flutes 
14, which sweep the blood rearwardly into the extending 
ports 15. Observation of transp arent re^r_voi_r_. 3.1 provides 
continuous surveillance of fluid transport features. During 

25 cutting at high speeds, the centrifugal pump action reduces 
the fluid pressure differential, forcing debris inward so 
that it can be removed by suction through the hollow interi- 
or of the drive shaft 2. In the event that the flutes 14 of 
the cutting tool 1 become clogged with debris, the cutting 

30 tool 1 can be spun backwards at very high speeds in order to 
reverse the turbine effect and propel the debris outwardly 
by centrifugal force. Suction would then continue to be 
applied so that expelled debris would be evacuated by port 
24. Providing constant aspiration of debris is normally 

35 considered desirable even though the particle size of debris 
can be much smaller than a micron when the cutting tool is 
spun at greater that 25,000 rpm. Such small debris par- 
ticles may not cause distal embolic complications. This is 
subject to further detailed biological studies. 
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As mentioned above, it is important to select a 
flute density and cant angle which will cause the blade or 
flute 14 of the cutting tool to abrade the relatively hard 
stenosis yet not abrade the relatively soft wall of the ves- 
5 sel. Insofar as the edges of the flutes 14 move in a circu- 
lar path, the cant angle is the angled of intersection of 
the cutting face 18 and the circumference C at the point of 
contact therebetween. This angle is preferably about 110 
degrees, although deviations from that angle of at least 20 
10 degrees are acceptable. Preferably, the face 18 of the 
flute 14 also has a slight concave curvature which affects 
the cant angle. The angle J between the leading and trail- 
ing edges of the flute 14 affects its durability. Larger 
angles / make the flute 14 more durable, but they also 
15 adversely affect the pumping action of the flutes 14. Thus, 
a balance, must be reached between durability and pumping 



action. 



Although the cutting tool 1 disclosed herein 
utilizes six flutes 14, it will be understood that the flute 

20 density or number of flutes may vary as desired. A. larger 
number of flutes causes the cutting tool 1 to take shallower 
bites, thereby ensuring greater protection against cutting 
soft vessel tissue while also tending to produce smaller 
particles of debris ,. which have a less harmful effect if 

25 they are not removed from the vessel. On the other hand, 
the smaller number of flutes 14 inherently positions the 
flutes 14 farther apart from each other, thereby reducing 
the tendency of the cutting tool 1 to become clogged with 
debris. in practice,' the number of flutes 14 may depend 

30 upon the transverse diameter of the cutting tool 1. where 
the stenosis is removed with successively larger cutting 
tools, the number of flutes in the tools can be successively 
increased. 
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Cla ims 

1. A cutting tool for removing abnormal intra-ar ter ial 
deposits, comprising a generally ellipsoidal body having at 
least one cutting flute extending along and defining the outer 
surface of said body, each cutting flute having a circumferen- 
tially facing cutting face formed thereon, said body further 
having a polished nose at one end thereof and attaching means at 
the other end thereof for securing said cutting tool to a rotat- 
ing drive shaft. 

2. The cutting tool of claim 1 wherein each flute 
extends rearwardly and circumf erent ially away from said nose in 
a spiral configuration so that rotation of said cutting tool 
within a blood vessel has a tendency to force blood away from 
said nose. 



3. The cutting tool of claim 1 wherein the angle 
between the cutting face of each flute and the circumference 
around said body is between 90 and 130 degrees in order to 
maximize the ability of said cutting tool to remove relatively 
hard substances without cutting relatively soft material. 

A. A cutting tool for removing abnormal intra-arterial 
deposits, comprising a generally ellipsoidal body having a cen- 
ter cavity, at least one cutting flute extending along the outer 
surface of. said body, each having a circumf erent ially facing 
cutting face formed thereon, and a radial fluid port extending 
from in front of a respective face of a flute into said center 
cavity, each port having a circumferential component extending 
into said cavity away from said first circumferential direction 
whereby rotation of said cutting tool within a blood vessel in 
said first circumferential direction about the major axis of 
said body has a tendency to force blood inwardly through said 
port. 
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5. The cutting tool of claim 4, further including a 
nose fluid port extending along said major axis from the nose of 
said body to said center cavity.* 

6. The cutting tool of claim 5 wherein each flute 
terminates before reaching said nose and said nose is polished 
to a smooth finish. 

7. The cutting tool of claim 5 wherein each radial 
fluid port has a component extending along said major axis in a 
direction away, from said nose so that fluid flows into said 
cavity away from said nose fluid port. 

8. The cutting tool of claim 7 wherein each flute 
extends rearwardly and circumf erent ially away from said nose in 
a spiral configuration so that rotation of said cutting tool 
within a blood vessel has a tendency to force debris-entrained 
blood away from said nose and into said radial fluid port. 

9. The cutting tool of claim 4 wherein the angle 
between the cutting face of each flute and the circumference 
around said body is between 90 and 130 degrees in order to 
maximize the ability of said cutting tool to remove relatively 
hard, substances without cutting relatively soft material. 

10. The cutting tool of claim 4 wherein each flute 
extends rearwardly and circumf erentially from one end of said 
body to the other in a spiral configuration so that rotation of 
said cutting tool within a blood vessel in the forward direction 
has a tendency to force blood along the outer surface of said 
body. 

11. A system for removing abnormal, relatively hard 
deposits from a relatively soft vascular vessel, comprising: 

a qenerally ellipsoidal cutting tool having a diameter 
that is smaller than the diameter of said vessel, said cutting 
tool having* at least one cutting flute extending along its outer 
surface, each cutting flute having an elongated cutting face 
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which defines the circumference of said tool, said cutting face 
intersecting the circumference of said tool at an angle selected 
to fracture said relatively hard deposits without cutting said 
relatively soft vessel; 

a flexible drive shaft having one end connected to 
said cutting tool, said shaft having a length that is sufficient 
to reach from a point outside of a patient 1 s body through said 
vessel to said abnormal deposit;. 

a flexible guiding catheter surrounding said drive 
shaft over most of its length; and 

rotary drive means connected to said drive shaft to 
rotate said cutting tool in the direction that said cutting face 
is facing. 

12. The system of claim 11 wherein, said drive shaft 
contains a hollow channel and said cutting tool includes at 
least one fluid port communicating with said channel, said 
system further including a suction device communicating with 
said channel to draw blood and deposit debris into said fluid 
port and through said channel. 

13. The system of claim 12 wherein said drive shaft 
extends through said rotary drive means and terminates in a 
fluid manifold that communicates with said suction device. 

14. The system of claim 13, further including a fluid 
trap communicating with said manifold for collecting said 
debris-entrained blood. 

15. The system of claim 13 f further including means 
for selectively preventing said suction device from applying a 
vacuum to said fluid manifold and wherein said manifold further 
includes an injection port for inserting fluid into said vessel 
through said manifold, drive shaft channel, and cutting tool 
fluid port. 



16. The system of claim 12 wherein said drive shaft 
extends through a fluid manifold into said rotary drive means 
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and a portion of said drive shaft within said fluid manifold 
includes a fluid port for allowing fluid communication between 
said manifold and said hollow channel.. 

17. The system of claim 16, further including a fluid 
trap communicating with said manifold for collecting said 
debris-entrained blood. 

18. The system of claim 12, further including an 
auxiliary fluid manifold through which said drive shaft passes, 
said auxiliary fluid manifold communicating with the interior of 
said catheter.. 

19. The system of claim 1 8 , further including a second 
suction device communicating with said auxiliary fluid manifold 
to remove blood from said catheter. 

20. The system of claim 12 wherein said cutting tool 
has a central cavity and said fluid port extends from in front 
of a respective edge of a cutting flute into said center cavity, 
«aid port having a circumferential component extending into said 
cavity in the direction opposite the direction of rotation 
whereby rotation of said cutting tool within a blood vessel 
about the major axis of said cutting tool has a tendency to 
force blood inwardly through said port. 

21. The system of claim 20, further including a nose 
fluid port extending along said major axis from the nose of said 
body to said center cavity. 

22. The system of claim 21 wherein each flute termi- 
nates before reaching said nose and said nose is polished to a 
smooth finish. 

23. The system of claim 21 wherein each fluid port has 
a component extending along said major axis in a direction away 
from said nose so that fluid flows into said cavity away from 
said nose fluid port. 
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24. The system of claim 23 wherein each flute extends 
rearwardly and circumf erent ially away from said nose in a spiral 
configuration so that rotation* of said cutting tool within a 
blood vessel has a tendency to force blood away from said nose 
and into said fluid ports. 

25. The system of claim 11 wherein the angle between 
the cutting face of each flute and the circumference of said 
cutting tool is between 90 and 130 degrees in order to maximize 
the ability of said cutting tool to remove said relatively hard 
deposits without cutting said relatively soft vessel. 

26. The system of claim 11 wherein each flute extends 
rearwardly and circuinf erent ially from one end of said cutting 
tool toward the other in a spiral configuration so that rotation 
of said cutting tool within said blood vessel has a tendency to 
force blood along the outer surface of said cutting tool toward 
said drive shaft. 

27. The system of claim 12 wherein said cutting tool 
has a central cavity and said fluid port extends from the nose 
of said cutting tool into said cavity along the major axis of 
said cutting tool. 

28. The system of claim 11 wherein. said rotary drive 
means rotates said cutting tool at at least 2000 rpm. 

29. A method of removing abnormal, relatively hard 
deposits from a relatively soft vascular vessel, comprising: 

inserting a guiding catheter into said vessel from a 
point outside the body of a patient; 

inserting a cutting tool mounted on a flexible drive 
shaft into said guiding catheter and advancing said drive shaft 
until said cutting tool is adjacent said deposit, said cutting 
tool having at least one cutting flute extending along and 
defining its outer surface, each flute including an elongated 
cutting face intersecting the circumference of said tool at an 
angle selected so that said cutting face abrades said relatively 
hard deposits without cutting said relatively soft vessel; and 
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rotating said drive shaft while advancing said cutting 
tool into said deposit. 

30. The method of claim 29 wherein said drive shaft is 
rotated at a speed greater than 2000 rpm. 

31. The method of claim 29, further including the 
steps of successively withdrawing said drive shaft and cutting 
tool and reinserting a drive shaft having a cutting tool of a 
successively larger diameter until a sufficient amount of said 
deposit has been removed. 

32. The method of claim 29 wherein said cutting tool 
has at least one fluid port and said drive shaft has a hollow 
channel communicating with said fluid port, said method further 
including the step- of withdrawing blood and deposit debris 
through said fluid port and hollow channel. 
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